Objectives: Analyzing the trend in the serum inflammatory cytokines levels in a historical cohort of patients treated with combination of chloroquine and methimazole. Material and methods: We analyzed the pro-inflammatory serum cytokines level [Interleukin-6(IL-6), Tumor Necrosis Factor alpha (TNF-α), Interleukin 1 alpha (IL-1 α) and Interferon gamma (INF-γ)] in the stored blood samples of 22 patients with Graves' disease who previously randomized to receive either chloroquine and methimazole combination therapy or methimazole monotherapy. Total T3, T4 and TSH levels were measured by an enzyme linked immunosorbent assay (ELISA) method (DRG, New York, USA) and the result was published previously. In this study we used an ELISA method (Bender Medsystem Vienna Austria) to measure serum pro-inflammatory cytokines in the first 6 months of trial. Results: No significant differences in serum cytokines concentration were observed between the two treatment groups (p > 0.05). Although it was not statistically significant, serum INF-gamma concentration tended to be lower in the chloroquine group after four months of therapy (p = 0.12).
Introduction
Graves' disease affects approximately 0.5% of the population and is the underlying cause of 50% to 80% of cases of hyperthyroidism [1, 2] . All the current modalities of treatment of Graves' disease are directed at decreasing thyroid hormones production and not at treating underlying autoimmune process [3, 4] . So it would be extremely helpful to identify specific agents that can be safely control autoimmunity in Graves' disease.
Autoimmunity in Graves' disease is associated with antibodies that bind to and stimulate the Thyroid Stimulating Hormone (TSH) receptors (activating thyroid receptor antibodies). Other immunologic features involved in Graves' disease include high serum concentrations of antibodies against thyroglobulin, thyroid peroxidase, and possibly the sodium-iodide cotransporter [5] .
Autoimmune thyroid diseases are thought to be mediated by pro-inflammatory cytokines such as Interleukin-1 alpha (IL-1α), Tumor Necrosis Factor-alpha (TNF-α), Interleukin-6 (IL-6) and Interferon gamma (INF-γ). They are produced by the intrathyroidal lymphocytes and thyroid epithelial cells and have a number of direct and indirect effects in the pathogenesis of Graves' disease including thyrocytes proliferation, junctional complex dissociation, expression of Human Leukocyte Antigen (HLA) class II on thyrocytes, production of thyroid autoantibodies and stimulation of monocytes and B and T lymphocyte within thyroid tissue [6] [7] [8] [9] [10] [11] . In addition several studies have demonstrated increased level of IL-6 and TNF-α in serum of patients with Graves' hyperthyroidism in contrast to normal subjects [12] [13] [14] [15] [16] [17] [18] .
It is likely that common mechanisms for autoantigen generation and T-and B-cell activation link several, if not all, autoimmune diseases. This is the rationale behind exploring whether agents exhibiting therapeutic effect in one autoimmune disease might benefit the others.
Chloroquine is an anti-inflammatory drug that has been used successfully in the treatment of several autoimmune diseases such as Systemic Lupus Erythematous, Sjogren's disease and rheumatoid arthritis. Its ability to inhibit the production of Pro-inflammatory cytokines in vitro and in vivo has been shown in different studies [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Also a limited number of studies showed the effects of chloroquine on thyroid function and thyroid hormones level [32] [33] [34] . So it seems that this drug may be a suitable adjunct to antithyroid drugs in the treatment of Graves' disease.
We previously conducted a pilot randomized double masked controlled trial to evaluate the effect of methimazole and chloroquine combination therapy on thyroid hormones and Thyroid Stimulating Immunoglobulin (TSI) level compared to standard therapy with methimazole alone. Although there was no difference in TSI level between the two groups, there was statistically meaningful discrepancies in the serum TSH and T4 level in the first 4 months of therapy (higher TSH and lower total T4 level in the Chloroquine group) [35] . We proposed this observation could be explained by the immunomodulatory properties of chloroquine including its effects on pro-inflammatory cytokines production. To test our hypothesis we measured and analyzed the serum cytokines level in the stored blood samples collected from the patients in the course of above mentioned study.
Materials and Method

Patients and Drugs
In the previous study a pilot, randomized, prospective, double-masked, clinical trial was designed. Twenty-four patients with active Graves' disease recruited from our outpatient endocrinology clinic. None received any antithyroid medication prior to the study or has any other infectious and autoimmune disease. The diagnosis was made based on the symptoms and signs of hyperthyroidism and Graves' disease, biochemical evidence of hyperthyroidism, and a rapid and diffuse uptake of technetium or increased thyroidal uptake of radioiodine. Patients with these characteristics were excluded: less than 18 years of age, pregnant, lactating women, patients on corticosteroids or immunosuppressive drugs, patients for whom ablation therapy was indicated (goiter ≥3 times normal, associated severe disease requiring control of hyperthyroidism), and patients in whom the use of chloroquine was contraindicated [35] .
The study design was approved by our university clinical investigation ethics committee. After obtaining informed consent, patients were randomly assigned into two groups of 12 patients. Each patient received methimazole (10 mg BD for the first month, 5 mg BD for the second month and then 5 mg daily for the last 4 months of the therapy) in combination with either chloroquine 250 mg daily in the study group or similar shaped placebo in the other for the whole 6 months. Before initiation of the therapy and then at 2-month intervals, TSH, total T4, T3 and TSI levels were measured. Although the total period of the trial was 18 months, blood samples stored for future analysis only in the first 6 months of the study. Blood serum samples were obtained and immediately froze after centrifugation and stored at −80 centigrade until processed. After completion of trial, pro-inflammatory cytokines (IL-6, IL-1 α, TNF-α and INF-γ) were measured in the stored blood serum samples.
For serum cytokines measurement, an enzyme linked immunosorbent assay (ELISA) was performed using commercially available kits (Bender Medsystem Vienna Austria). Intra-assay coefficient of variation was 7.2% for IL_6, 4.5% for INF-γ, 6.9% for TNF-α and 9.9% for IL-1 α. The lower limit of detection were 1.4 pg/ml for IL-6, 1.6 pg/ml for IL-1 α, 5.8 pg/ml for TNF-α and 1.5 pg/ml for INF-γ. Total T3, T4 and TSH levels were measured by an enzyme linked immunosorbent assay (ELISA) method (DRG, New York, USA) and result was published previously [35] . Routine hematological and biochemical tests were performed to evaluate drugs safety.
Two patients in the placebo group left the study after 3 months. One patient who has history of psychosis but good mental condition when entering the study left because she suffered another episode of psychosis. The other patient left because she had a subdural hemorrhage. Data from these two patients were not analyzed. There was no other dropout from the study in the first 6 months of therapy.
Data Analysis
Cytokines concentrations and TSH levels are described as medians (inter-quartile range) and all of the other results as Mean ± SD. T3 and T4 levels in the two groups were compared by student t-test. Cytokines and TSH levels which were not normally distributed were compared by Mann-Whitney test. Changes in serum cytokines concentrations before and after treatment were analyzed with Wilcoxon signed rank test. Correlation between serum cytokines concentrations and thyroid hormones were analyzed by the Spearman ranked test. age of 36.4 ± 5.6. There was no significant difference between the two groups with respect to age, gender, thyroid hormones and cytokines levels in the beginning of the study. All patients became euthyroid after 2 months of treatment. As we showed in our previous publication [35] serum TSH levels in the first 6 months of therapy were higher in the chloroquine group than the placebo group (reached significance after 4 months and 6 months). As what to be expected serum total T4 were lower in the chloroquine group 4 months after the start of the therapy (p < 0.01). However, total T3 indexes did not differ significantly between the two groups. No significant differences were observed between the two groups regarding cytokines levels ( Table 1) .
The serum concentration of TNF-α increased significantly in both groups after 4 months of treatment compared to baseline (from 28.7 to 31.2 in chloroquine and from 29.6 to 35.9 in another group, p < 0.05) but decreased in both groups afterwards so that it did not differ significantly from baseline level at the end of 6 months. Although it was not statistically significant, serum INF-γ concentration tended to be lower in the chloroquine group after 4 months of treatment (p = 0.12). There was no correlation between thyroid hormones and serum proinflammatory cytokines levels. No significant complications or side-effects were seen among patients during the study period.
Discussion
In our previous publication we demonstrated that patients on combination of chloroquine and methimazole had lower total T4 in the first 6 months (reached significance after 4 months and 6 months) and lower TSH after 4 months compared to the group who received methimazole alone (p < 0.01) [35] . The effect of chloroquine on thyroid hormones level was documented in an animal study conducted by Stroeer et al. [32] . They showed that a 7-14-and 21-day course of injections of chloroquine in a dose of 50 mg/kg per day caused a more than two fold decrease of T3 concentration but insignificant changes in the level of T4 and thyrotropin in the blood serum of rats. We proposed these observations could be explained by the immunomodulatory properties of chloroquine including its effects on pro-inflammatory cytokines production but we failed to find any statistically significant differences in the serum cytokines level between the two treatment groups. This result could well be due to insufficient power as the sample size was not large enough.
Another explanation is the possible direct effect of chloroquine on thyroid hormone secretion independent of its immunomodulatory effect. There are some evidences that point to this conclusion. Thyroid hormones must be released from thyroglobulin and delivered to the circulation for action at their distant target tissues. Under normal physiologic condition, this pathway involves micropinocytosis of colloid to form endocytic vesicles with subsequent processing by endosomes and then by lysosomes [36] [37] [38] [39] [40] . In vitro studies suggested that chloroquine as a weak lysomotropic base could potentially increase PH of lysosomes in thyrocytes and inhibit this process by deactivating lysosomal enzymes [32] .
Although it was not statistically significant, serum INF-γ concentration tended to be lower in the chloroquine group after four months of therapy. This could be regarded as a probability of a T-cell mediated mechanism for effects of chloroquine. A study by Landewe et al. [31] CD4+ and CD8+ T cell clones, derived from synovial tissue of a patient with rheumatoid arthritis activated with plastic coated OKT3 monoclonal antibody in the presence or absence of various concentrations of chloroquine. Chloroquine was able to completely inhibit in a concentration dependent fashion the INF-γ production by Table 1 . Serum concentration of thyroid hormones and cytokines in Chloroquine and placebo groups during therapy.
months 4 months 2 months Baseline
Placebo Chloroquine Placebo Chloroquine Placebo Chloroquine Placebo chloroquine 7.9 ± 1.9 7.6 ± 2.9 9.3 ± 2.9 CD4+ and CD8+ T cell clones. It is possible that this drug has the same effect on T lymphocytes secreting INF-γ in Graves' disease. Contrary to the inhibitory role of Tumor Necrosis Factor alpha (TNF-α) in thyroid hormone synthesis, it has specific stimulatory effect in autoimmune thyroid disorders including induction of expression of HLA-class II on thyrocytes which is an essential step in antigen presenting cells-T cells interaction [41, 42] . Several studies investigated the changes in TNF-α serum concentration during medical therapy in patients with Graves' disease. One study reported no change in TNF-α level during treatment [11] . Another found significant reduction in TNF-α level [18] and even one study demonstrated increase in TNF-α level after completion of therapy with polythiouracil in patients with Graves' disease [14] . In present study TNF-α serum level increased initially but after 4 month the level declined again. The nature of Graves' disease is such that local cytokines production may be greatly influenced by the course of the disease and this can explain these discrepancies among the reported results.
In addition to cytokines studied in this trial other immunological factors like serum thyroid peroxidase antibody, thyroglobulin antibody, interleukin-10, interleukin-2 receptor and IL-6 receptor may have important roles in pathogenesis of Graves' disease. Effects of chloroquine on these factors can be subject of new studies. We didn't study the effect of chloroquine on Graves' ophtalmopathy as a more prolonged and complicated study is needed to investigate this.
In summary we were unable to detect any statistically significant differences in the pro-inflammatory cytokines levels in the blood serum of patients with Graves' disease treated with combination of chloroquine and methimazole compared to those treated with methimazole alone. It can be explained by insufficient power in this study or direct effect of chloroquine on thyroid hormone secretion. To validate this result more clinical trial with larger sample size should be performed. 
Acknowledgements
